The effect of exercise during hemodialysis has been a controversial issue, however, there are just few studies about the effect of active exercise during hemodialysis. Objectives: This study aimed to compare the effects of passive and active intradialytic pedaling exercises on dialysis efficacy, electrolytes, hemoglobin, hematocrit, blood pressure and health-related quality of life in hemodialysis patients. Patients and Methods: This quasi-experimental study was conducted on 16 hemodialysis patients in Akhavan hemodialysis center in Kashan from April to November 2013. Active or passive intradialytic pedaling exercise was performed using a Mini-Bike for 30 minutes during the first two hours of the dialysis sessions. The quality of life (QOL) was assessed before and after the intervention. Blood pressure was examined at the beginning and then hourly during the dialysis sessions. Dialysis efficacy, levels of phosphorus, calcium, sodium, potassium and Blood urea nitrogen (BUN) were measured at the end of the intervention. Kolmogorov-Smirnov test, paired t test, Wilcoxon signed rank and Friedman tests and repeated measure analysis of variancewere used to analyze the data. Results: No significant changes were observed in serum potassium, phosphorus and calcium levels at the end of the passive exercise program compared to the baseline. However, phosphorus levels were significantly decreased in the active exercise program (P < 0.05). Moreover, the mean diastolic blood pressure was significantly decreased after the passive exercise (P = 0.039). Passive exercise did not significantly change the dialysis efficacy, urea reduction rate, hemoglobin and calcium levels. The mean overall QOL was 63.78 ± 21.15 at the beginning of the study, which was increased to 77.07 ± 21.14 at the end of eight weeks of the intradialytic exercise (P = 0.007). Conclusions: The passive intradialytic exercise had a positive effect on blood pressure. The active exercise could decrease the serum phosphorus and potassium levels. Moreover, both exercise programs could significantly improve the QOL. Both active and passive intradialytic exercises can have some beneficial effects.
Background
In end stage renal disease (ESRD) approximately 90% of renal function is lost, and body is not able to maintain fluid and electrolyte balance, adequate waste removal, and normal hormone function (1) . Several types of renal replacement therapies are available; however, hemodialysis (HD) is the most common method (2) . Nowadays, more than two million people with renal failure are treated by Hemodialysis worldwide (3) . Hemodialysis, is a time-consuming procedure that takes at least 3 to 5 hours a day, two or three times a week (4) . Dialysis induces notable metabolic changes including hypovolemia due to ultrafiltration, and rapid changes in electrolyte concentrations and systemic inflammation, which can all adversely affect physical function (3) . Despite regular HD treatment to replace some of the kidney functions, HD patients suffer from a symptoms characterized by the "uremic" syndrome. These are typically manifested asautonomic and motor neuropathies, cardiac and skeletal muscle myopathies, peripheral vascular changes, anemia, dysfunction of bone metabolism, immunologic compromise, and an assortment of physiologic complaints such as nausea, vomiting, insomnia and fatigue (1) . A high-quality dialysis improves the quality of life and increases the survival rate in patients with ESRD (5) . An intradialytic exercise program can improve serum urea clearance and dialysis efficacy (1, 6, 7) . Moreover, an intradialytic exercise increases muscle blood flow and open capillary surface area in working muscles that will result in a greater flux of urea and other toxins from the tissue to the vascular compartment for the subsequent removal at the dialyzer (1) . Also, the exercise or regular physical activity in hemodialysis can improve the control of high-blood pressure and diabetes and also increase the health-related quality of life (8) . Moreover, exercise can increase the blood-flow to the muscles that consequently reduce the pain in these patients (2) . A recent study showed that moderate exercise had positive effects on physical and mental health. These include improvements in aerobic capacity, lower extremity muscle strength, systolic blood pressure, and lipid metabolism (9) .
Quality of life (QOL) is an important criterion for measuring the health care effectiveness, perceived health, sense of wellbeing and predicting the mortality and morbidity rates in patients. Physical activity can improve QOL (10) . It has been confirmed that the physical activity reduces morbidity and mortality in patients with chronic renal failure (11) . People who are physically inactive have a 20% to 30% increased risk of mortality (12) . Although most exercise programs have been instituted between dialysis sessions, recent investigations have promoted the concept of intradialytic exercise as a convenient intervention to improve patients' compliance (1) . The exercises are usually performed during the early phase of hemodialysis because cardiovascular responses are more stable during the early phase of hemodialysis (13) . The reduced activity may be attributed to several factors such as anemia, impaired blood-flow to the limbs, loss of the heart function and reduced daily physical activities (14) . Despite the positive effects of exercise in hemodialysis patients in theory, studies had mixed results. Parsons et al. have reported that an eight-week exercise program during hemodialysis had no significant effects on dialysis efficacy, blood pressure, and QOL in patients with ESRD (15) . However, in another study, a five-month program of 30 min exercise in the first two hours of the dialysis showed an increase in dialysis efficacy. However, no changes were observed in the levels of hemoglobin, potassium, albumin, and QOL (1). In another study, Makhlough et al. have reported that an eight-week intradialytic aerobic exercise in hemodialysis patients did not affect the dialysis efficacy but significantly reduced the phosphorus and potassium levels (16). Smart et al. also reported that exercise is useful and may improve dialysis efficiency (kt/v), serum potassium and depression in hemodialysis patients (6) . Girija et al. have demonstrated that exercise in hemodialysis patient increases the quality of life through reducing the stress level (12) . However, in a study by McMurray et al. no significant changes were observed in phosphorus levels and in systolic and diastolic blood pressures after the intradialytic pedaling exercise (9). Fallahi et al. also examined the effects of exercise during hemodialysis on dialysis efficacy, serum phosphorus level, hemoglobin and blood pressure. He found that an hour of exercise during hemodialysis could significantly reduce the patients' systolic blood pressure. The exercise program also increased the dialysis efficacy and had slight positive effects on phosphorus and hemoglobin levels (2) . Due to the progressive reduction in muscular activity of patients with ESRD, their muscular strength will gradually reduce. Most studies on intradialytic exercise have used passive exercise and few studies have examined the effects of active exercise during hemodialysis. Moreover, the patients have limited ability to perform active exercise during hemodialysis session.
Objectives
Due to the importance of exercise in hemodialysis patients, this study was conducted to compare the effects of passive and active intradialytic pedaling exercises on dialysis efficacy, electrolytes, hemoglobin, hematocrit, blood pressure and health-related QOL among hemodialysis patients.
Materials and Methods

Study Design and Participants
A quasi-experimental study was conducted on all eligible hemodialysis patients in the dialysis center of Akhavan Hospital in Kashan, Iran, from April to November 2013. In this center, 336 sessions of hemodialysis were performed for 120 patients with 28 dialysis apparatus every week. All participants received hemodialysis through arteriovenous (A-V) fistulas. The inclusion criteria included being under hemodialysis for at least three months, receiving hemodialysis three times a week, for at least 240 minutes (4 hours) per treatment, age between 15 to 80 years old. Patients with a history of cardiovascular diseases, myocardial ischemia in the last 6 months, cerebrovascular accidents, and pulmonary, musculoskeletal and immune disorders were excluded from the study. Other exclusion criteria included experiencing unstable angina, cardiac ischemia, severe persistent hypertension, severe hypotension (systolic blood pressure < 90 mmHg), severe uncontrolled diabetes, and fever (body temperature > 38°C) during the study period and not adhering to the exercise program. The study flow diagram is presented in Figure 1 .
Intervention
The patients were under study for 8 months. The first 8 weeks were considered as the control period. All patients were dialyzed using high-flux dialyzer membranes (made by SOHA Co. Iran), the blood-flow rate of 350 mL/min and bicarbonate-dialysate, flow rate of 500 mL/min by Gambro AK95 apparatus (made in Swiss) or Ferzinus apparatus (made in Germany). Afterwards, for eight weeks, the patients received the passive intradialytic exercise using the electrically powered Mini-Bike (Made in China) adapted to the patient's bed. All patients performed passive pedaling with a moderate speed for 30 minutes per session (performed as three 10-minute exercise bouts with a 20-minute recovery period between the bouts) during the first 2 hours of dialysis session. After 8 weeks of washout (17), the active intradialytic pedaling exercise was performed similarly for eight weeks, except that the Mini-Bike did not connect to the electrical power and patients pedaled the Mini-Bike actively. The type of the dialysis apparatus, dialyzer membrane and the blood and dialysate flow rates were kept unchanged for all patients during the study.
Data Collection Instruments
The study instruments consisted of three parts including a demographic questionnaire, a short-form36 (SF-36) questionnaire for measuring the QOL among the patients and a checklist for recording the blood pressure and other biochemistry tests and dialysis efficacy. The demographic questionnaire consisted of five questions regarding the patients' age and gender, and duration of hemodialysis, and level of education,medical diagnosis. The SF-36 questionnaire has been translated to Farsi and validated by Montazeri et al. (Cronbach's alpha 0.65). This questionnaire has 36 items in eight domains (general health, physical functioning, and limitations due to physical problems, bodily pain, social functioning, and limitations due to emotional problems, vitality and mental health). The patients can get a score between 0 to 100 from every domain and the whole SF-36 questionnaire. The demographic questionnaire was completed at the beginning of the study. The SF-36 questionnaire was completed through interviews, before and after the completion of the exercise programs. The patient's blood pressure was examined using a mercury sphygmomanometer at the beginning and then hourly during the dialysis sessions. Moreover, the dialysis efficacy and levels of phosphorus, calcium, sodium, potassium and Blood Urea Nitrogen (BUN) were measured at the end of the 8 th week of the intradialytic exercise. For this purpose, 4 mL of blood was drawn from the arterial line at the start of dialysis. For measuring the BUN, an additional sample of two mL of blood was drawn similarly at the end of the dialysis, while the blood flow rate was 80 -100 mL/min for two minutes and the dialysis pump was turned off for 20 seconds. The BUN level was determined by Biotechnical BT1500 model and lotno 90007 apparatus. The patient's pre-and post-dialysis weight (in kilograms) was measured accurately using a digital scale at entering and leaving the hemodialysis ward. Then, the ultrafiltration (UF) and urea reduction ratio (URR) were calculated to determine the dialysis efficacy. Then, the dialysis efficacy was calculated using the existing data and standard formulas for Kt⁄V. Furthermore, the phosphorus, calcium, sodium and potassium levels were measured using standard solutions (i.e. Elton 20010630921: x1-A4, lotno 20010630 and E, 921B:x1). All tests were repeated at the beginning, the fourth and eighth weeks of passive and active exercises.
Statistical Analysis
Data were analyzed using SPSS 13.0 software (SPSS Inc, Chicago, Illinois, USA). Mean and standard deviation were calculated for quantitative variables. KolmogorovSmirnov test was used to determine if the data were normally distributed. Paired t-test and the Wilcoxon signed rank and Friedman tests were used to compare the variables. To analyze the difference between the variables in different time intervals, the repeated measure analysis of variance was used. In all tests, the level of significance was considered to be less than 0.05.
Ethical Considerations
This study was approved by the Institutional Review Board and the Research Ethics Committee of Kashan University of Medical Sciences with a grant number 9143. The objectives of the study were explained to all participants and all of them signed a written informed consent and were assured of the confidentiality of their individual information as well as the voluntary nature of participating in the study. In all stages the researchers were committed to observe the ethical issues in accordance to the Helsinki ethical declaration.
Results
This study was performed on 18 patients. Two patients excluded from passive exercise in the third and seventh weeks due to hypertension and performing renal transplantation, respectively. Of the 16 patients studied, 13 (81.2%) were males and 3 (18.8%) were females. The mean age of the patients was 51.98 ± 1.57 years, ranging from 24 to 75 years. Diabetes mellitus was the most common underlying causes of ESRD in the participants. Demographic characteristics of the participants are presented in Table 1 . Compared to the baseline, no significant changes were observed in serum potassium, phosphorus and calcium levels at the end of the fourth and eighth weeks of the passive intradialytic exercise; however, the phosphorus levels were negligibly reduced and calcium levels were slightly increased. Moreover, the dialysis efficacy and urea uptake were slightly decreased at the fourth week and then slightly increased at the end of the eighth week of passive exercise. However, these changes were not statistically significant. Furthermore, hemoglobin and hematocrit levels were higher than baseline at the end of the eighth week of passive exercise. However, these changes were not statistically significant (Table 2 ). Compared to the baseline, the potassium and phosphorus levels were decreased while the calcium level was increased at the end of eighth week in the active intradialytic exercise group. Moreover, the dialysis efficacy and urea uptake were decreased and the levels of hemoglobin and hematocrit were increased at the end of the eighth week; however, these changes were not statistically significant (Table 3) .
The repeated measure analysis showed that the type of the exercise as a factor had significant relation with the phosphorus and hematocrit levels. The phosphorus level decreased significantly in active exercise (Table 4 , Figure 2 ). There was a noticeable decrease in Potassium level after the active exercise; although, this change was not statistically significant ( Figure 3) . However, the hematocrit level was significantly increased in the passive exercise. Compared to the baseline, the mean diastolic blood pressure was significantly decreased at the end of the fourth and eighth weeks of the passive intradialytic exercise. However, no significant changes were observed in the mean systolic and diastolic blood pressures in the group that performed active intradialytic exercise (Table  5 ). A significant relationship was found between the postexercise overall QOL and marital status and level of education (P < 0.0001). The mean overall QOL was 63.78 ± 21.15 at the beginning of the study, which was increased to 77.07 ± 21.14 at the end of the eight weeks of intradialytic exercise (P = 0.007). Moreover, the mean scores were significantly increased in the domains of general health, changes in health, physical functioning, and limitations due to physical problems. However, no significant differences were observed in the other dimensions (Table 6 ). 
Discussion
This study aimed to compare the effects of the active and passive intradialytic pedaling exercises in hemodialysis patients. Results showed that intradialytic exercise for half an hour leads to positive changes. Although changes in serum electrolytes were not statistically significant in both exercises; however, these changes might be clinically important. In the present study, performing the eight weeks of passive exercise resulted in an in-crease in URR and dialysis efficacy up to 1.36% and 11%, respectively. Although these changes were not significant, they can be important from clinical viewpoint. According to the Disease Outcomes Quality Initiative (DOQI) clinical guideline recommendations, the minimum acceptable dialysis efficacy should be 1.2 for patients undergoing hemodialysis (2) . The exercise programs in this study increased the dialysis efficacy to 1.43 and this is obviously higher than the minimum acceptable efficacy. Consistent with our results, Parsons et al. have reported that a 5-month intradialytic exercise program could increase the dialysis efficacy up to 11% at the end of the first month, which then increased to 19% at the end of the fifth month (1). In another study, Mohseni et al. have reported that an eight-week intradialytic exercise program could increase the URR and dialysis efficacy about 11% and 38%, respectively (7). Fallahi et al. have also conducted an eight-week intradialytic exercise program on 14 patients and reported that although the URR and dialysis efficacy were increased, changes were not statistically significant (2) . It appears that intradialytic exercise increases the muscle-blood flow and opens the capillary surface area that consequently would increase the leak of urea from the tissue to the vascular compartment and finally enhances the serum urea clearance and improves the dialysis efficacy (1). The present study showed that the passive exercise had better effects on dialysis efficacy than active exercise, especially at the end of the study. This finding may be attributed to the weakness of musculoskeletal system in these patients. Such weakness may resulted in intolerance of active exercise while passive exercise can be tolerated and resulted in better consequences in patients with ESRD undergoing chronic hemodialysis. The current study showed that passive intradialytic exercise had better effects on systolic and diastolic blood pressures than active exercise. This finding is consistent with results reported by Henrique et al. (11) . McMurray et al. (9) and Fallahi et al. (2) who studied the effects of intradialytic exercise in patients under chronic hemodialysis. However, several studies could not confirm the positive effects of intradialytic exercise on blood pressure (9, 13) . In the present study, phosphorus levels were significantly lower than the baseline both at the end of the fourth and eighth weeks of active exercise. However, passive exercise didn't show the same effects. The effect of active exercise on phosphorus level was in line with findings of the several previous studies (16, 17) . Borzou et al. also reported that increasing the blood flow to 250 mL/min and then to 300 mL/ min can be effective in clearance of phosphorus from the blood (5). It is suggested that more time or the severity of exercise is required to see a noticeable change in phosphorus levels (2) . The present study showed that passive exercise did not affect serum potassium level. However, serum potassium levels were decreased at the end of the fourth and eighth weeks of active exercise. Few studies have confirmed the effectiveness of exercise in the reduction of potassium level (16) . However, some studies have shown that serum potassium levels did not significantly change after 12 weeks of intradialytic exercise (1) . Although the dose of Eprex (erythropoietin) did not change during the study, the level of hemoglobin was increased after active and passive intradialytic exercise programs. This increase was up to 0.6 of µmol/L. In passive exercise. Although this increase was not statistically significant, it is clinically valuable. Similar results were reported by Fallahi et al. (2) . However, Parsons et al. have reported that hemoglobin level was decreased after exercise during dialysis (1). It seems that intradialytic exercise can strengthen the effects of erythropoietin in patients with lower hemoglobin levels. Results of the present study indicated significant changes in patients' QOL after intradialytic exercise. Although another studies have reported no significant difference between the QOL before and after intradialytic exercise (1, 15) a recent study reported that an intradialytic exercise program could significantly improve the QOL of dialysis patients in the areas of physical functioning, physical limitations, bodily pain and mental health (18) . The present study showed that the active intradialytic exercise had positive effects on blood pressure. The exercise program could also decrease the serum phosphorus and potassium levels and increase the hemoglobin, especially in active exercise. Also, the passive exercise had positive effects on blood pressure, dialysis efficacy and hemoglobin. Moreover, both exercise programs could significantly improve the QOL in hemodialysis patients. Therefore, it is suggested that some type of intradialytic exercise programs be used during a hemodialysis session based on the patients' tolerance. This study was conducted in one center and in a small sample size and the small sample size may affect not only on the statistical power of the results but also on the generalizability of the findings. Moreover, the exercise programs used in this study conducted in short duration and only in the first two hours of the dialysis. Then, replication of the same studies with larger sample size and longer periods are suggested.
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